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(54) OPTICAL RECORDING MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enlarge the difference 
between the reflection factors of an optical mask part 
and an optical opening part of an optical recording 
medium provided with a super-high resolution 
reproducing film. 

SOLUTION: In the optical recording medium in which the 
optical opening part and the optical mask part are 
formed corresponding to the distribution of the intensity 
of reproduced light by successively laminating a 
transparent substrate 1 having a role as a recording 
layer, a super-high resolution reproducing film 4 whose 
refractive index is changed corresponding to the 
intensity of incident light and a reflection film 5 and 
which reads the recorded information written with a 
minuter pitch compared with an irradiation light spot, the 
reproduced light is multiple-reflected in a laminated 
interference layer 1 1 and incident light and reflected 
light are multiple-interfered by inserting the laminated 
interference layer 1 1 consisting of a high refractive 

index layer 2, a low refractive index layer 3 and a high refractive index layer 2 each having an 
optical film thickness of ?^/4. between the super-high resolution reproducing film and the 
reflection film to enlarge the difference between the reflection factors of the optical recording 
media in the region (optical opening part) having changed refractive index and in the region 
(optical mask part) having unchanged refractive index of the super-high resolution reproducing 
film. 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Claim(s)] 

[Claim 1]A transparent substrate. 

A layered product which consists of a super-resolution-reproducing film from which a refractive 
index changes when a dose of a recording layer and an interference layer which countered this 
transparent substrate, were provided and were laminated by order arbitrary between a reflecting 
layer which reflects light irradiated from said transparent substrate side, and said substrate and 
said reflecting layer, and said light exceeds a predetermined threshold. 
Are the above the optical recording medium which it had, and said interference layer. It is 
characterized by being the lamination interference layer which laminated at least three layers 
which consist of the 1 st high refractive index layer that has a predetermined refractive index, 
low refractive index layers whose refractive index is lower than these 1st refractive index layers, 
and the 2nd refractive index layers whose refractive index is higher than this low refractive index 
layer sequentially from said transparent substrate side. 

[Claim 2]A difference of a refractive index in early stages of said super-resolution-reproducing 
film, and a refractive index when it changes deltan, The optical recording medium according to 
claim 1 characterized by filling delta R/d>delta n/n>0.007 when thickness of deltaR (0< R<=1) 
and said super-resolution-reproducing film is set to d (nm) for a difference of reflectance when a 
refractive index of said super-resolution-reproducing film changes. 
[Claim 3]A transparent substrate which has recorded information. 

A layered product which consists of a super-resolution-reproducing film from which a refractive 
index changes when a dose of an interference layer and said light which countered this 
transparent substrate, were provided and were laminated by order arbitrary between a reflecting 
layer which reflects light irradiated from said transparent substrate side, and said substrate and 
said reflecting layer exceeds a predetermined threshold. 

Are the above the optical recording medium which it had, and said interference layer, It is 
characterized by being the lamination interference layer which laminated at least three layers 
which consist of the 1st high refractive index layer that has a predetermined refractive index, 
low refractive index layers whose refractive index is lower than these 1st refractive index layers, 
and the 2nd refractive index layers whose refractive index is higher than this low refractive index 
layer sequentially from said transparent substrate side. 

[Claim 4]The optical recording medium according to claim 1 having the optical matching layer 
which controlled a refractive index or thickness to make reflectance of an optical recording 
medium into the minimum at the time of an optical exposure which adjoins said super- 
resolution-reproducing film, is provided, and does not exceed said threshold. 
[Claim 5]An optical recording medium comprising: 
A transparent substrate. 

A reflection film which reflects light in which this transparent substrate is countered and it is 
provided, and which is irradiated from said transparent substrate side. 

A super-resolution-reproducing film to which a refractive index is changed when it is formed 
between said transparent substrate and said reflection film and an optical dose exceeds a 
predetermined threshold. 

A low refractive index layer whose refractive index is lower than a refractive index of said super- 
resolution-reproducing film when it irradiates with light which is formed in this super-resolution- 
reproducing membrane surface, and does not exceed said predetermined threshold, A recording 
layer which was formed in this low refractive index layer surface, and was formed between a high 
refractive index layer whose refractive index is higher than said low refractive index layer, 
between said transparent substrate and a super-resolution-reproducing film or said high 
refractive index layer, and a reflecting layer. 

[Claim 6]A reflection film which reflects light in which this transparent substrate is countered 
the transparent substrate side, and it is provided, and which is irradiated from said transparent 
substrate side, A super-resolution-reproducing film from which a refractive index changes with 
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the optical exposures of intensity exceeding a predetermined threshold formed between said 
substrate and a reflection film, Catoptric light by said reflection film to regenerated light which 
possesses an interference layer and a recording layer and is irradiated from said transparent 
substrate side, In an optical recording medium which makes an interference light with catoptric 
light by said interference layer and said super-resolution-reproducing film catoptric light of an 
optical recording medium and with which reflected light intensity differs corresponding to a 
refractive index changing region of said super-resolution-reproducing film, An optical recording 
medium, wherein said interference layer is a lamination interference layer which laminated a high 
refractive index layer and a low refractive index layer from which a refractive index differs so 
that said regenerated light may carry out a multiple echo within a recording medium. 
[Claim 7]A reflection film which reflects light in which this transparent substrate is countered 
the transparent substrate side which has recorded information, and it is provided, and which is 
irradiated from said transparent substrate side, Catoptric light by said reflection film to 
regenerated light which possesses a super-resolution-reproducing film from which a refractive 
index changes, and an interference layer, and is irradiated from said transparent substrate side 
by optical exposure of intensity exceeding a predetermined threshold formed between said 
substrate and a reflection film, In an optical recording medium which makes an interference light 
with catoptric light by said interference layer and said super-resolution-reproducing film 
catoptric light of an optical recording medium and with which reflected light intensity differs 
corresponding to a refractive index changing region of said super-resolution-reproducing film. An 
optical recording medium, wherein said interference layer is a lamination interference layer which 
laminated a high refractive index layer and a low refractive index layer from which a refractive 
index differs so that said regenerated light may carry out a multiple echo within a recording 
medium. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention relates to the optical recording medium 
possessing a super-resolution-reproducing film with respect to an optical recording medium. 
[0002] 

[Description of the Prior Art]Optical disk memory which performs reproduction of information, or 
record and reproduction by the exposure of an optical beam is put in practical use by various 
files, such as a sound, a picture, and computer data, as memory storage which has large scale 
nature, rapid access nature, and medium portability. 
The development continues to be expected. 

[0003]As densification art of an optical disc, the short wavelength formation of the gas laser for 
original recording cutting, the short wavelength formation of the semiconductor laser which is a 
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light source of operation, high-numerical-aperture-izing of an object lens, and sheet metal- 
ization of the optical disc are considered. In a recordable optical disc, there are various 
approaches, such as mark length record and land groove recordings. 

[0004]The super resolution art using a medium film is proposed as art in which the effect of the 
densification of an optical disc is targe, although super resolution art was proposed as art 
peculiar to a magneto-optical disc at the beginning, the trial with which a ROM disk also provides 
and carries out super resolution reproducing of the super resolution film from which the 
trahsmissivity of light changes with the exposures of regenerated light to the regenerated light 
exposure side to a recording layer is reported after that. Thus, super resolution art was 
understood that it can apply to all the optical discs, such as a magneto-optical disc, CD-ROM, 
CD-R, WORM, and a phase change type optical recording medium. 

[0005]The super-resolution-reproducing film proposed with the conventional super-resolution- 
reproducing art is divided roughly into a heat mode method and a photon mode method. By a 
heat mode method, a super-resolution-reproducing film is made to generate a phase transition 
etc. with heating by regenerated light exposure, and an optical opening with high transmissivity is 
formed. The shape of this optical opening becomes the same as that of the constant 
temperature line of a super-resolution-reproducing film. 

[0006]By a photon mode method, coloring or the decolorization by regenerated light exposure is 
used, using a photochromic material as a super-resolution-reproducing film. An electron excites 
a photochromic material from a ground level from an optical exposure to a short-life excitation 
state, and it reveals change of light absorption characteristics by changing to very long-life 
metastable excitation level, and being further, caught from excitation level. Therefore, it is 
necessary to carry out deexcitation of the electron caught by metastable excitation level to a 
ground state for reproducing repeatedly, and to close the once formed optical opening. There is 
also an example using the semiconductor continuation film or semiconductor particulate 
dispersion film which used absorption saturation phenomena as a super-resolution-reproducing 
film of a photon mode method. 

[0007]which method — an imitation — depending on the grade of change of the optical constant 
by optical exposure, the characteristic of a super-resolution-reproducing film enlarges the 
reflectance difference of an optical opening part with high reflectance, and an optical mask part 
with low reflectance within light spot, so that change of an optical constant is large. However, in 
order that the variation of an optical constant may be dependent on the material, change of a 
refractive index is enlarged and there is a limit in enlarging a reflectance difference. When a 
reflectance difference could not be enlarged and super resolution reproducing is carried out, 
there is a possibility that the reading failure of recorded information may occur. 
[0008] 

[Problem(s) to be Solved by the Invention]As mentioned above, when the reflectance difference 
of an optical mask part and an optical opening part could not be enlarged in the optical recording 
medium which uses a super-resolution-reproducing film, there was a problem that recorded 
information was correctly unreproducible. 

[0009]This invention is made in view of such a problem, and is a thing. 

It is providing the optical recording medium which can reproduce correctly the information which 
enlarged the reflectance difference of the purpose and an optical mask part, and was recorded 
with high density. 

[0010] 

[Means for Solving the Problem]. An optical recording medium of this invention was laminated by 
order arbitrary between a transparent substrate, a reflecting layer, and said substrate and a 
reflecting layer. In an optical recording medium to provide, a layered product which consists of a 
super-resolution-reproducing film from which a refractive index changes when a recording layer, 
an interference layer, and an optical dose exceed a predetermined threshold said interference 
layer. It is characterized by being the lamination interference layer which laminated at least three 
layers which consist of the 1st high refractive index layer that has a predetermined refractive 
index, low refractive index layers whose refractive index is lower than these 1st refractive index 
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layers, and the 2nd refractive index layers whose refractive index is higher than this low 
refractive index layer sequentially from said transparent substrate side. 

[001 1]That is, the multiple echo of the light irradiated an optical recording medium is carried out, 
and it is characterized by enlarging change of reflected light intensity corresponding to a 
refractive index change of a super-resolution-reproducing film by detecting catoptric light which 
carried out multiple interference within an optical recording medium. 

[0012]As for thickness of said 1st [ the ] thru/or the 3rd interference layer, it is preferred to 
use lambda / about 4 substantially to the wavelength lambda of regenerated light with which an 
optical recording medium is irradiated. 

[0013]When thickness of deltaR (0< R<=1) and said super-resolution-reproducing film is set 
[ change of a refractive index when a refractive index of said super-resolution-reproducing film 
changed ] to d (nm) for a difference of reflectance of deltan and an optical recording medium, it 
is desirable to fill delta R/d>delta n/nx0.007. 

[0014]That is, it becomes possible to enlarge change of reflected light intensity corresponding to 
a refractive index change of a super-resolution-reproducing film by enlarging deltaR/d more to 
deltan/n. It is making the number of laminations increase in combination of a high refractive 
index layer and a low refractive index layer to a ****** interference layer, and, specifically, it 
becomes possible to enlarge change of reflected light intensity more. 
[0015]Said transparent substrate can serve as said recording layer. 

[0016]It is desirable to insert an optical matching layer between said interference layer and a 
reflecting layer. 

[0017]Another recording medium of this invention comprises: 
Transparent substrate. 
Reflection film. 

A super-resolution-reproducing film to which a refractive index is changed when it is formed 
between said transparent substrate and a reflection film and an optical dose exceeds a 
predetermined threshold. 

A low refractive index layer whose refractive index is lower than a refractive index of said super- 
resolution-reproducing film when it irradiates with light which is formed in this super-resolution- 
reproducing membrane surface, and does not exceed said predetermined threshold, A recording 
layer which was formed in this low refractive index layer surface, and was formed between a high 
refractive index layer whose refractive index is higher than said low refractive index layer, 
between said transparent substrate and a super-resolution-reproducing film or said high 
refractive index layer, and a reflecting layer. 

[001 8]A reflection film which reflects light in which another optical recording medium of this 
invention counters this transparent substrate the transparent substrate side, and is formed, and 
which is irradiated from said transparent substrate side, A super-resolution-reproducing film 
from which a refractive index changes with the optical exposures of intensity exceeding a 
predetermined threshold formed between said substrate and a reflection film. Catoptric light by 
said reflection flim to regenerated light which possesses an interference layer and a recording 
layer and is irradiated from said transparent substrate side, In an optical recording medium which 
makes an interference light with catoptric light by said interference layer and said super- 
resolution-reproducing film catoptric light of an optical recording medium and with which 
reflected light intensity differs corresponding to a refractive index changing region of said super- 
resolution-reproducing film. Said interference layer is characterized by being the lamination 
interference layer which laminated a high refractive index layer and a low refractive index layer 
from which a refractive index differs so that said regenerated light may carry out a multiple echo 
within a recording medium. 

[0019]The transparent substrate side in which another optical recording medium of this invention 
has recorded information, A reflection film which reflects light in which this transparent 
substrate is countered and it is provided, and which is irradiated from said transparent substrate 
side. Catoptric light by said reflection film to regenerated light which possesses a super- 
resolution-reproducing film from which a refractive index changes, and an interference layer, and 
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is irradiated from said transparent substrate side by optical exposure of intensity exceeding a 
predetermined threshold formed between said substrate and a reflection film, In an optical 
recording medium which makes an interference light with catoptric light by said interference 
layer and said super-resolution-reproducing film catoptric light of an optical recording medium 
and with which reflected light intensity differs corresponding to a refractive index changing 
region of said super-resolution-reproducing film, Said interference layer is characterized by 
being the lamination interference layer which laminated a high refractive index layer and a low 
refractive index layer from which a refractive index differs so that said regenerated light may 
carry out a multiple echo within a recording medium. 

[0020]That is, as long as it is the composition which a multiple echo and interference produce 
within an optical recording medium, a lamination interference layer may be laminated, for example 
in order of a low refractive index layer, a high refractive index layer, and a low refractive index 
layer not only in order of a high refractive index layer, a low refractive index layer, and a low 
refractive index layer. 

[0021]Also in these optical recording media, since a multiple echo and catoptric light which 
carried out multiple interference are detectable, change of reflected light intensity corresponding 
to a refractive index change of a super-resolution-reproducing film can be enlarged more. 
[0022] 

[Embodiment of the Invention] Drawing 1 is a sectional view showing an example of the optical 
recording medium of this invention. 

[0023] Recorded information is formed in the transparent substrate 1 which consists of quartz 
substrates (refractive index 1 .45) as a pit. On this transparent substrate, the lamination 
interference layer 1 1 to which the plural laminates of the low refractive index layer 3 of optical 
film thickness lambda / 4 which consists of the high refractive index layer 2 (refractive index 
2.35) and MgF2 (refractive index 1 .4) of optical film thickness lambda / 4 which consist of ZnS(s) 

were carried out is formed. Furthermore on the lamination interference layer 11, the super- 
resolution-reproducing film 4 and the reflection film 5 are laminated one by one. 
[0024]Said refractive index and optical film thickness are against light with a wavelength of 410 
nm. Therefore, thickness of the high refractive index layer is set to 43.6 nm and thickness 
ha70.7nm of a low refractive index layer. 

[0025]To the light which does not exceed the threshold mentioned later, the refractive index 
used the thing of 2.0 and the super-resolution-reproducing film set it to the thickness from 
which the reflectance of an optical recording medium becomes the minimum, and 86.5 nm to the 
light which does not exceed a threshold. 

[0026]In such an optical recording medium, said reflectance of the regenerated light irradiated 
from the transparent substrate side, By the strength of the interference light of the light 
reflected by the reflection film and the light which carries out a multiple echo within a lamination 
interference layer, determine and this invention. It makes it possible to enlarge the S/N ratio of 
the optical mask and optical opening which are formed with a super-resolution-reproducing film 
by observing the interference light of the light reflected with the reflection film, and the light 
which carried out the multiple echo by the lamination interference layer. 
[0027] First, the reflectance of a lamination interference layer is explained. 
[0028]The sectional view of a lamination interference layer is shown in drawing 2 . and the 
reflectance of a lamination interference layer is shown in drawing 3 . However, the refractive 
index of each class shall be the value mentioned above, and there shall be no wavelength 
dispersion. 

[0029] Drawing 2 is formed from the transparent substrate 1 and the lamination interference 
layer 1 1, and the composition is the same as that of what was shown in drawing 1 . 
[0030]Among drawing 3 , R (H) shows reflectance when R (HLHLH) laminates a high refractive 
index layer and five layers of low refractive index layers by turns, when 1 stratification of the 
high refractive index layer is carried out on a quartz substrate, and R (HLH) forms three layers, a 
high refractive index layer, a low refractive index layer, and a high refractive index layer, on a 
quartz substrate (composition shown by drawin g 2). 

[0031]In R (H), maximum reflectance is low, and the wavelength area which changes from a high 
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reflectance belt to a low reflectance belt is large so that drawing 3 may show. On the other 
hand, in R (HLH) (i.e., when a multiple echo arises between the layers of the high refractive index 
layer of a couple), the wavelength area which maximum reflectance increases and changes from 
a high reflectance belt to a low reflectance belt becomes narrow. That is, the steepness of a 
refractive index change increases. It is so remarkable that the number of laminations of a low 
refractive index layer and a high refractive index layer increases (i.e.. so that the opportunity of 
this to carry out a multiple echo increases) (about the numerical orientation method of 
reflectance.). It indicates to " translation Nikkan Kogyo Shimbun'' besides Shigetaro Ogura 
written by optical thin film H.A.Macleod, and " Kozo Ishiguro edited by optical thin film 2nd 
edition Shiro Fujiwara. Hideo Ikeda and KYORITSU SHUPPAN written by Hideji Yokota." 
[0032]The reflection spectrum which changed and calculated the number of laminations of the 
lamination interference layer of the optical recording medium of the structure shown in drawing 1 
was shown in drawing 4 . It turns out that the difference of maximum reflectance and the 
minimum reflectance becomes large, and change is steep as the number of laminations increases. 
Like drawing 3 . cross protection shows up notably and the steepness of this tendency of a 
reflectance change increases as the number of laminations increases. 

[0033]Next, the reflectance of an optical recording medium in case the refractive indicees of the 
super-resolution-reproducing film of drawing 1 differ is shown in drawing 5 . As shown in drawing 
5. the wavelength from which a refractive index follows on increasing and reflectance serves as 
the minimum shifts to the long wavelength side. 

[0034]For example, when the refractive index of a super resolution re-film changes to 1.8 from 
1.7, the reflectance difference of the light near the wavelength of 410 nm changes to about 
about 0.7. 

[0035]This reflectance difference is made so greatly that a reflectance change is steep so that 
drawing 5 may also show. 

[0036]Next, a super-resolution-reproducing film is explained. 

[0037]The super-resolution-reproducing film concerning this invention to the light below a 
predetermined threshold A predetermined refractive index. It has (it is hereafter called an early 
refractive index), and only the portion with which the light exceeding a predetermined threshold 
was irradiated is a film formed from the material which changes to a selectively different 
refractive index (it is hereafter called the refractive index at the time of super resolution 
reproducing), and, generally the thing of a heat mode system and a photon mode system is 
known. 

[0038]With the super-resolution-reproducing film of a heat mode system, only the portion which 
exceeds a threshold with heating by optical beam exposure is selectively generated for a phase 
transition etc.. and a refractive index is changed. For example, thermochromic materials, such as 
phase change materials, such as GeSbTe of a chalcogen system and AglnSbTe, a BIANSURON 
system, and a spiropyran, etc. are mentioned. 

[0039]That for which the super-resolution-reproducing film of a photon mode system used 
coloring or decolorization. for example by optical exposures, such as a photochromic material, is 
mentioned. An electron excites a photochromic material from regulation ranking from an optical 
exposure to a short-life excitation state, and a refractive index is selectively changed by 
changing to very long-life metastable excitation level, and being further, supplemented from 
excitation level. Specifically, a PIROBENZO pyran series molecule, a fulgide system molecule, a 
diaryl ethene system molecule, a cyclophane system molecule, azobenzene, etc. are mentioned. 
A semiconductor, a semiconductor particulate dispersion film, etc. from which an optical 
constant changes with absorption saturation are mentioned. 

[0040]Although there are what changes to a high refractive index to the light exceeding a 
threshold, and a thing which changes to a low refractive index in such a super-resolution- 
reproducing film, the super high resolution reproduction method in the case of the former is 
explained here. 

[0041 ]The refractive index change of the super-resolution-reproducing film to the intensity of an 
optical beam is illustrated to the intensity distribution of the optical beam sent to drawing 6 (a) 
by laser, and (b). (c) shows the top view showing the optical property of an optical recording 
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medium when this super-resolution-reproducing film is used for the optical recording medium 

shown in drawing 1 . 

[0042]Intensity becomes weaker as an optical beam has intensity distribution as generally shown 
in drawing 6 (a), and it separates from the center of a beam. A super-resolution-reproducing film 
changes a refractive index from the early refractive index n to nl to the optical beam exceeding 
a threshold. Here, when the wavelength of n= 1.7, n= 1.8, and an optical beam is 410 nm, as 
shown in drawing 5 . in the position of the refractive index 1.7, reflectance will be about 2%, and 
reflectance will be about 70% in the position of the refractive index 1.8. 

[0043]Therefore, as shown in drawing 6 (c), only the field where the refractive index changed 
reflects light also in light spot S, In the position of an early refractive index, light is not reflected, 
i.e., an optical opening part is formed, only the light irradiating part exceeding a threshold detects 
the recorded information on the range corresponding to this optical opening part, an optical mask 
part is formed in the light irradiating part below a threshold, and the recorded information on the 
range corresponding to this optical mask is not detected. Therefore, a light spot S twist also 
makes possible reading of recorded information, i.e., super resolution reproducing, with a narrow 
pitch. 

[0044]Adjustment of the value of the optical recording medium at the time of an early refractive 
index adjoins a super-resolution-reproducing film, can form an optical matching layer, and not 
only the method of controlling the thickness of a super-resolution-reproducing film but can 
adjust the refractive index and thickness of a matching layer according to the early refractive 
index and thickness of a super-resolution-reproducing film. 

[0045]Although drawing 5 explained the case where the refractive index in early stages of a 
super-resolution-reproducing film was 1.7, the case where an early refractive index is 2.3 
similarly is examined. 

[0046]The optical recording medium in which the characteristic of drawing 5 is shown except for 
the early refractive index having set the thickness to 73.5 nm. using the thing of 2.3 as a super- 
resplution-reproducing film so that the reflectance of an optical recording medium might serve 
as the minimum on the regenerated light wavelength of 410 nm, and the optical recording 
medium of the same composition were used. 

[0047]In such an optical recording medium, the reflectance of the optical recording medium in 
the case of changing with the lights in which the refractive index of a super-resolution- 
reproducing film exceeds a threshold to 2.32, 2.35, or 2.4 is shown in drawing 7 , and a reflectance 
difference is shown in drawing 8 . 

[0048]Even if a refractive index change is as small as 0.02, the reflectance difference of an 

optical opening and an optical mask is over 10%. 

[0049]As drawing 8 shows, that the variation of reflectance serves as the maximum is the 
wavelength which shifted for a while from 410 nm. Therefore, in order to actually make a 
reflectance difference into the maximum with a reproducing wave length, it is desirable to adjust 
a super-resolution-^reproducing film and to make it the reflectance of an optical recording 
medium become the minimum at the time of an early refractive index. 

[OOSOjAdjustment of the reflectance of the optical recording medium at the time of an early 
refractive index adjoins a super-resolution-reproducing film, can form an optical matching layer, 
and not only the method of controlling the thickness of a super-resolution-reproducing film but 
can adjust the refractive index and thickness of a matching layer according to the early 
refractive index and thickness of a super-resolution-reproducing film. 

[0051] Variation deltan (n-n1) of the refractive index nl to the refi^active index n in early stages 
of a super-resolution-reproducing film which changed comparatively these results on a 
horizontal axis deltan/n. Thickness of a super-resolution-reproducing film is set to d, the case 
where ** and a lamination interference layer are not provided [ the early refractive index 1.7 and 
the time ] for O and the time of 2.3 in a vertical axis as reflectance difference deltaR/d per unit 

membrane thickness (nm"^) is made into x, and it is shown in drawing 9 . 
[0052]When filling the relation which becomes delta R/d>delta n/nx0.007 and a lamination 
interference layer is adjusted, it turns out that the effect of this invention becomes remarkable. 
That is, it is necessary to adjust a lamination interference layer so that the relation mentioned 
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above according to the refractive index variation of a super-resolution-reproducing curtain may 
be filled. Specifically, deltaR can be adjusted with each refractive index and number of 
laminations of a high refractive index layer and a low refractive index layer. For example, if the 
combination of a low refractive index layer and a high refractive index layer is changed, as shown 
in drawing 10 . maximum reflectance and the minimum reflectance will change. 
[0053]There is a tendency for the maximum reflectance of an optical recording medium to be so 
high that the refractive index difference of a low refractive index layer and a high refractive 
index layer be large, for the minimum reflectance to become low, and for a reflectance difference 
to become large. The relation between reflectance difference Rmax-Rmin and deltaR/d was 
shown in drawing 1 1 as the maximum reflectance Rmax and the minimum reflectance Rmin. In 
drawing 1 1 , also when the lamination interference layer is not arranged, it writes together. 
[0054]deltaR/d increases rapidly in Rmax-Rmin>0.2 and the effect of providing a lamination 
interference layer becomes remarkable so that drawing 1 1 may show. Therefore, it is preferred 
to fill the relation which becomes delta R/d>delta n/nx0.007 as a lamination interference layer, 
and to fill Rmax-Rmin>0.2. 

[0055] Although the refractive index mentioned above referred to the real part of the complex 
index of refraction and the extinction coefficient of the imaginary part was explained as 0, the 
case where the extinction coefficient of a super-resolution-reproducing film is not 0 is 
described. The optical recording medium of the same composition as drawing 1 shows the 
reflectance of an optical recording medium in case the refractive index of a super-resolution- 
reproducing film is 2.3 and an extinction coefficient is 0. 0.1, 0.2, 0.5, or 1 to drawing 12. 
However, the thickness of the super-resolution-reproducing film could be 73.5 nm. 
[0056]the maximum reflectance Rmax becomes low as an extinction coefficient becomes large 
so that drawing 12 may show, and the minimum reflectance Rmin becomes high — Rmax-Rmin 
becomes small. Change of the reflectance from a high reflection region to a low reflection fleld 
becomes slow. For this reason, even if a refractive index changes in this situation, the 
reflectance differences of an optical opening and an optical mask will be few, and sufficient 
effect will not be acquired. Therefore, if it is a range with which Rmax-Rmin>0.2 is filled, even if a 
super-resolution-reproducing film has a limited extinction coefficient, it can acquire the effect of 
a laminated structure. 

[0057]Especially as for this invention, to change of an extinction coefficient, when large, the 
effect is acquired for a refractive index change. In this case, since the reflectance change by the 
wavelength used as the minimum reflectance shifting becomes dominant, the reflectance 
difference a refractive-index front and after change can choose positive/negative freely by 
setting out of the wavelength used as the minimum reflectance. 

[0058]Although the high refractive index layer or tow refractive index layer used for a lamination 
interference layer had the respectively same refractive index in above-mentioned explanation, 
the high refractive index layer concerning this invention or a low refractive index layer should be 
[ that a relative refractive index is high to ****3Mc refractive index layers, or ] just low. Namely, 
incident light should just fill the composition of a lamination interference layer which carries out 
a multiple echo between the 1 st high refractive index layer and the 2nd refractive index layers. 
[0059]If conditions which were mentioned above are fulfilled, the laminating order of a lamination 
interference layer, a recording layer, and a super-resolution-reproducing film can be designed 
arbitrarily. 

[0060]Although the pit was formed in the transparent substrate and the transparent substrate 
and the recording layer were made to serve a double purpose in drawing 1 . the recording layer 
concerning this invention can also consider the recording layer in which the field where optical 
properties differ it is not limited to this and respond up to picture information was formed as the 
composition laminated separately. 

[0061]The high refractive index layer which adjoins the super-resolution-reproducing film shown 
in drawing 1 is omissible by using the material of a high refractive index as a super-resolution- 
reproducing film. That is, since the multiple echo and multiple interference of light will arise 
between a super-resolution-reproducing film and a high refractive index layer if the refractive 
index in early stages of a super-resolution-reproducing film is larger than the refractive index of 
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a low refractive index layer, the same effect as the optical recording medium shown by drawing 1 

is acquired. 

[0062] 

[Example]Hereafter, the example of this invention is described with reference to drawings. 
[0063]In example 1 this example, the optical recording medium of the laminated structure of low 
refractive index layer / transparent substrate / [high refractive index layer] x 3-/super 
resolution film / reflection film was used. A low refractive index layer / [high refractive index 
layer] x3 are the lamination interference layers by which a low refractive index layer and 3 sets 
of high refractive index layers were laminated. 

[0064] Each layer was adjusted as follows so that super resolution reproducing could be 
performed, when regenerated light was the wavelength of 413 nm. 

[0065]The pit (0.2 micrometer - 0.6 micrometer) formed in this PC board according to the track, 
respectively, using a polycarbonate (PC) board as a transparent substrate. 

[0066]Thickness was taken as the thickness, 68.3 nm of low refractive index layers, and 42.7 nm 
of high refractive index layers by which optical film thickness is equivalent to lambda/4 at the 
low refractive index layer and the high refractive index layer using Si02 (refractive index: 1.5) 

and ZnS (refractive index: 2.4). 

[006 7] Refractive index: Using the super-resolution-reproducing film of 0, the thickness set 2.3 
and an extinction coefficient to 73.5 nm so that the reflectance of an optical recording medium 
might serve as the minimum in the initial state with which regenerated light is not irradiated. If 
regenerated light is irradiated with this super-resolution-reproducing film, a refractive index will 
change to 2.4 only the central part of light spot. 
[0068]The thickness is 50 nm. using AITi in a reflection film. 

[0069] Except that there was no comparative example 1 lamination interference layer, the disk of 
the same composition as this example was produced. 

[0070]The pit length dependency of CNR (Carrier to Noise Ratio) was measured by the playback 
evaluator which used Kr+ gas laser as the light source for the disk of Example 1 and the 
comparative example 1. They are a reproducing wave length of 413 nm, and 1 mW of 
reproduction power. 

[0071]The result was shown in drawing 13 . When pit length is as long as 0.4 micrometers or 
more, the comparative example of CNR without a super-resolution-reproducing film is larger but 
so that drawing 13 may show, and if pit length becomes shorter than 0.4 micrometer, CNR will 
decrease rapidly. This is because sufficient super resolution effect is not acquired. On the other 
hand, the disk of this example is maintaining high CNR, even if pit length becomes short with 0,2 
micrometer. From the above thing, it has checked that a multilayer dielectric had an effect in the 
improvement in the characteristic of a super-resolution-reproducing film. 

[0072]In example 2 this example, the optical recording medium of the laminated structure of low 
refractive index layer / transparent substrate / [high refractive index layer] x 2-/low refractive 
index layer / super resolution film / matching layer / refiection film was used. A low refractive 
index layer / [high refractive index layer] x2 are the lamination interference layers by which a 
low refractive index layer and 2 sets of high refractive index layers were laminated. 
[0073] Regenerated light used laser with a wavelength of 413 nm like Example 1. 
[0074]About the transparent substrate, the low refractive index layer, the high refractive index 
layer, and the refiection film, it was considered as the same conditions as Examples 1, such as 
construction material and thickness. 

[0075]The material of the same refractive index as Example 1 was used for the super- 
resolution-reproducing film. In this example, optical film thickness made thickness of the super- 
resolution-reproducing film the thickness equivalent to lambda/4, i.e., 44.9 nm. 
[0076]AIN was used for the matching layer. The refractive index of AIN is 1.8. The thickness of 
the matching layer has been 100 nm so that reflectance may serve as the minimum in the initial 
state with which regenerated light is not irradiated. The thickness is 50 nm. using AITi in a 
reflection film. 

[0077]The same measurement as Example 1 was performed, and the same effect as Example 1 
was checked. 
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The lamination of example 3 this example is the same lamination as Example 1. However, the 
refractive index used 2.2 and the extinction coefficient used the super-resolution-reproducing 
film of 0.4. As for this super-resolution-reproducing film, in a refractive index, 2.15 and an 
extinction coefficient change [ the spot central part of regenerated light ] with the exposures of 
regenerated light to 0.05. 

[0078]The same measurement as Example 1 was performed, and the same effect was checked. 
[0079]In example 4 this example, the optical recording medium of the laminated structure of a 
transparent substrate / low refractive index layer / [high refractive index layer] x3-/super- 
resolution-reproducing film / matching layer / recording layer / protective layer / reflecting 
layer was used. 

[0080] Each layer was adjusted as follows so that super resolution reproducing could be 
performed, when regenerated light was the wavelength of 413 nm. 

[0081 ]It is made to be the same as that of Example 2 about a high refractive index layer, a low 
refractive index layer, a super-resolution-reproducing film, a matching layer, and a reflection film, 
The phase change die materials of 20 nm of thickness which becomes a transparent substrate 
from germanium2Sb2Te5 without forming a record pit were separately provided as a recording 
layer, and it formed the ZnS-SiO two-layer of 40 nm of thickness as a protective layer. 
[0082]Except for the point which does not form a high refractive index layer and a low refractive 
index layer for a comparative example 2 lamination interference layer, the same optical recording 
medium as Example 4 was created. 

[0083] Record and reproduction were performed to the optical recording medium obtained by 
Example 4 and the comparative example 2 in the following ways. 

[0084]413-nm laser performed the recording/reproduction wavelength and it reproduced by 
scanning and recording this laser by 6 m/s. Recording light set to 9 mW. and it recorded 0.3 
micrometer of mark length's recording mark with single frequency, changing a mark interval. 
[0085] Reproduction of this recorded information was set as 1 mW of reproduction power, and 
was performed. The result is shown in drawing 14 . 

[0086]When a mark interval is 0.3 micrometer or less so that drawing 14 may show, since the 
influence of intersymbol interference is strong, CNR is falling with the optical recording medium 
of the comparative example 2. Since the cross talk from an adjacent track is also large, the value 
of CNR does not become large even when the mark interval on a track is long. 
[0087]On the other hand, in the optical recording medium of Example 4, at least 0.15 micrometer 
of mark intervals can be reproduced by high CNR. Since it is not influenced by a cross talk, the 
mark interval has been made also in the field over 0.3 micrometer more greatly [ optical 
recording medium / of the comparative example 2 ] than CNR. 
[0088] 

[Effect of the Invention] Since the rate difference of a light reflex of the optical mask part and 
optical opening part of the optical recording medium which has a super-resolution-reproducing 
film can be enlarged according to this invention as mentioned above, it becomes possible to 
reproduce the recording mark of a ** mark pitch and a narrow track pitch by a high resolution. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]T he sectional view showing an example of the optical recording medium of this 
invention. 

[Drawing 2] The sectional view of a lamination interference layer. 
[Drawing 3] Reflectance of a lamination interference layer. 

Drawing 4] The figure showing the reflectance of an optical recording medium when the number 
of laminations of a lamination interference layer changes. 

[Drawing 5]T he figure showing the reflectance change of an optical recording medium when the 
refractive index of the super-resolution-reproducing film of drawing 1 changes. 
[Drawing 6] The refractive index change of a super-resolution-reproducing film [ as opposed to / 
as opposed to / in (a) / the intensity distribution of an optical beam / the intensity of an optical 
beam in (b) ] and (c) show the top view showing the optical property of an optical recording 
medium when this super-resolution-reproducing film is used for an optical recording medium. 
[Drawing 7] The figure showing the reflectance change of the optical recording medium in the 
optical recording medium of another embodiment of this invention. 

[Drawing 8] The figure showing the reflectance difference searched for from the reflectance 
change shown in drawing 6 . 

[Drawing 9] The figure showing the refractive index variation of a super-resolution-reproducing 
film, and the relation of the refiectance difference per thickness. 

[Drawing 10] The figure showing change of the maximum reflectance by the difference in the 
refractive index of the layer which constitutes a lamination interference layer, and the minimum 
reflectance. 

[Drawing 1 1] The flgure showing the relation between the refractive index change of a super- 
resolution-reproducing film and thickness, and maximum reflectance and the minimum 
reflectance. 

[Drawing 12] The figure showing the reflectance of an optical recording medium in case an 
extinction coefficient is not 0. 

[Drawing 13] The figure showing the pit length dependency of CNR in the optical recording 
medium in this example 1. 

[Drawing 14]T he figure showing the mark length dependency of CNR in the optical recording 
medium of this example 4. 
[Description of Notations] 

1 — Transparent substrate 

2 — High refractive index layer 

3 — Low refractive index layer 

4 — Super-resolution-reproducing film 

5 — Reflection film 
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DRAWINGS 
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1 0 n m©lS^> @5«:m-rj:^K:®ST^l . 7© 

7 0 % t J5: „ 
[0 04 3] bfc*s->-C> 06 (c) K:7T^-r<f:^(C:itX 

n. c©^^iflpa5k:>(*jj;-r-2)ffiH©faflitf$E^«iai 

Safii«T©7feMS^g|5i;cW:)lc^-7Xi7gil*s?f$(i£$n. 
[0044] *7),^©^»f^B#©5tieiS|^|ft©lii© 

w. a^»s^ie©is/i?r*ij®rs:&ffitciig6-r. 

[0045]H5-e«. ePIRW^©W»3©ll«f^*s 



10 



20 



30 



40 



1. 7©Ji^{cotiTi^?^L'fc3&i. mm(-cmM(DmW'^ 



35*2. 3©J»^{C-:)Ci-C^i^L-C*?> 



50 



2001-189033 

8 

[0 046] e^^S^M i L r t73aii©ffl«f 2 . 3 
©fe©*fflC\ ■e©)KJl%»^il&j«^fi4 1 0 nm-C:Jfeia 
ISIi^*©g:*f^*5ftffii^=c-5ct'5'«C7 3. SnmiL/fc 

c <b s 5 ©i^tt^^-r7tia^i«<$i ia)is©«^© 
[0047] c ©cfc ^ /j:3f&iaiiiifi«jcc*$ii-r . fi^^s 

^IS©®t(f**5ilfii?:ffix.-S7ttCj;oT2. 3 2> 2. 
3 5 2 . 4 K:^^t-r-2)*&^©:JfeiBiijffii*©Jg*t 

[0 048] mVrm^itHi 0 . 0 2 <b/jN3 < T ^j^fe^gfl 

[0 04 9] ifc. 08 J;f3i5-*>2.J;^tc. ig*f^©^ 
<bS*5ft;'^i;^j:5©jj4 1 0 nmJ:D^L■r#^/•c^gSr• 
t#fc^iBiSi«^©J5*t^*^ft®(Ci&^J; ^(cf ^SC i 

[ 0 0 5 0 ] * fc. iwa8©)l»f^B#©?feiaMij«<*©JS*f 

5^ 5^>^'B©®$fSSLO'iii»^i@s-r-2)C iT-*>Dj«fer 
[0 05 1 ] cn6©M*^. mmvimm^msLmmm 

©ffl*T^n tcJt-r •S^^fcL/dBJr^n i©^^bSA n 
(n-nl) ©^-^An/n. e«?«W^©)li/l^ d 
tL/. «lttK:#fiyiJ?S]fc»3©SW^MAR/d (nm 
iL/T. ^nW©®Sf^l .7 tffiJ^SrO. 2. 3©Bt 

[0 0 5 2 ] AR/'d>An/n xO. 007itc^M^ 

m^m<D^ ti^tKDm^rm'pmmmc j: ^ -c a r ^tism 

ffl^#*^{b3#-5><k. HI 0(C7j^TJ:^(cgA5*t^ 

[0 0 5 3 ] i&mvrmm i:-mm9Tmm(DmifTmmiA^ 

^Rmax. g/hSSt^Rm i n <t UT. JSW^MRm 
a x-Rm i n iAR/d©M^*a 1 1 (tCTnOtc. M 

1 licit. mm=fmmi)^m.$inxi,>tj:t,^m-^i>mii-r 

[0 054] 01 1*16^*1^ J: Rmax-R 
min>0. 2©ffiH-C^ffi({CAR/d*sitJB]0> 

iLt:. AR/d>An/nX0. 007^ 
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i>W^^?ll/cU. *iORmax-Rm i n>0. 

[005 5] tj:is. ±mLfcmifrmtitmMmvim<Dm 

*S2. 3. mm.9m*^o. o. i. o. 2. 0. 5*.& 
t,^» 1 <Dm(i:>^Mimmw(D^mm^m 1 2 (ctst. m 

0. mmikn^mtDmmict. 73. 5nm<i:L./i:. 

[0 0 5 6 ] 0 1 2 J:*3^3^>SJ:^k:. MH<^Ai;A:t lo 
l*^Rm i ntti^< Rm a x - Rm i n 

r-abO. +^>5:^l^*sf§6nifetio btcifi-z>X. Rma 
X - Rm i n > 0 . 2 *it/c-r©Hr'*)n«. 

[0057 ] :^mmit. mmmmwmm^m(Dmtic 20 
[0058] j&:*s« ^momm-ciit. mm=fmmicmi^^ 

l^-o -^Uti^, HI ©]Sia*f^Jlill2©lfflST^JiiO 
[0 059] */c> ±aiL//cJ; ^ife^ft=^igSfc-r*>©-C 

[0060] 3 e.(c> 01 fcfc(,>r«. SB^a^fcf-? 

[006 1 ] ifc. eM«B^MiL-CiS®Sf*©M*4 
[0062] 

[jliSffifi^] «T. *:«B^©^0!l^:0a^#ML'r|jiB^ 50 
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[0 0 6 3 ] mmm 1 

[0064] -en'en©ji«, S47fe>&s?^«4 i 3 n m 

©J«^icaj»1^S5fe*itf ^ i> cfc -5 . JUT©)! 0 lis 1/ 

[0 06 5] SMaffiiL.-C!j<y*-5i<^v-h (PC) 
WR^m^^. C<OPCmW.K.\t.V=yvi?%^K.O. 2 Mm 
~ 0 . 6 M m© f h 35^^ ti-en?f^fiS L/C. 
[0 066] {gBSf*Ji:Rcm®«f^«fcW> S i O, 
(fflJr^: 1.5) fcctO'ZnS (®*t^ : 2. 4) * 

m\ )i/*»7fc^M»3{)iA/4 (cffl^-r •5>iii»> ®s*T 

^J168. 3nm> iSffliff*J14 2. 7nmiL/Co 
[0 06 7] S*f^ : 2 . 3 « 0 ©jBj^i^S 

»3iKSg{cfct^T3feia^i«<*©jS*f**5ft/jNi ^c^s J; ^ (c 

7 3. 5nmiLfc„ C ©e«?#.SiM»Si7t*lffS|^ 

[0 068] SWMKlWA 1 T i ^®J!iJl(3:5 

0nmT*.5>. 

[0 069] mm 1 

[0 0 7 0 ] 1 iJjrO'tbl^^d \(Df -i 7.i>^KT 

+ ;<7XU— If-^i^jgiit/cffiMMr'CNR (Ca 
rrier to Noise Ratio)©b'-;;h 
Ste#fefe^S'J^U/c. /j:*5. S^i«^S4 1 3 nm> 

[0 0 7. 1 ] -e©*Sm*Sl StC^L-Zc. lai 3A>6t) 
d^-^Jr-^itc, b* h S3!)5 0 . 4 m mfe^±iSCill^«> 

•;'hS3!»i0. 4 MmJ;O^S< !&'Si^,Si!tCCNR/&5jg5 
0. 2 Mm<!:^< ^c-5-C^>iSl»CNR^S}#L/Tt,i-5), 

[0072] mmm2 

2 ffl^B 3 n/cwa^^Br* So 

[007 3] w^itm^m 1 tmmm&4 l 3 n m© 



(7) 



XL 

[0074] mmmm. ®®jjt*)i> i«®ST^®*$j;o' 

1 tmo^fi^ 



[0 07 5] mmmn^mit. mnm i tmcmvrmoy 

[0 07 6] -^y^lytfrnttCitA 1 N?rffll>/c, A 1 N 

)^€.J;'5 4C 1 0 OnmiL-r^-So SWMtC^A 1 T i 

[007 7 ] ^js^ 1 tmmo:>mm=s:m\ rnin^m i i 

|aIiai<D5a:§|*StiSLfc. 

tfiO. Obdcmt-Ti^o 20 

[0 0 7 8 ] njs^ 1 tmm<om^^n^\ mm(Dn^ 

[0 0 7 9 ] ||)te^4 



[0 08 0] -en-e^iojitt, ff±7^*3<gS4 i 3 n m 

[0 08 1 ] -mfmrnm. i&mwm. mmmm^. 30 

ji?S»««:«fafi^ f s» h ^mfSLH-TiC, G e 2S b 2T e 



i/cfiSSa i ^^^^14 Onm©ZnS-S 

i oim^nmhtc^ 

[0 08 2] ltm^2 

[0083] Iiiif»i4fcj;iy:itfi^fiai2 rii^nfc^e^ 

[0084] fBS^ • W^j6S*4 1 3 nm©U--!f--C 
6m/sT-C©U'-1f-^^L-CI2». B^<lr 
?f-5fc„ iaMyic«9mWt U> -^-i/fiO .3 /im©iB 
V - ^ V - i7 pa pg b $ if J^C j^^lJt-CiB 
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HT^©iJS*m^fce*fcCNR*s®T0ri^-5. $ 

[0 08 7 ] cniC>FtU. |ltet?ll4©:7felBiajeifttC*j(,i 
X\t-7-- ffSmt^O . 1 5 umT*>iiEl»CNR-rS^f 
^■S, i/ci'Dy^ h-i'©i5W<&S(:)-^ct,i/cdt>(c, -v- 

[0088] 

[||aS©Sft*] ±a!U/cJ:'5fc. :$:|S|Bj(cJ;n«aft|« 
is 1 ] *l6B^©7teiBlil«i*©-^4^-r»r®0c 

[02] »a^^a©»T9@. 

[04] «iiT*ji©a»^?&s^<b LifcB$©^iBia« 



[05] 01 (omm^m^omwij^mt l /c« 



©pfefB^*jfiit©S*f^^^b^^-ri 
[06] ( a ) «7lc t*- A©^S^:fji> ( b ) tt3lc t' 

-A©^ecc>rfr4a^«s^M©®jT*^fb. (c) 

[07] *3%Hj©siJ©|aSff^gi©:)i6iBliig{^tc fc w s 



[08] 06 ic^^js*f^^{ tij^h^m tcmtmM: ^ 



[09] mmmn^m<DmifTmmitm. t mmm tc>o<D 
s*f *^© M<^ -r 0. 

[010] «@T#Ji5r^fi£-r2»Jl©/a5f^©^C^(C 

J: ^S:*:S*f^te J: 0'«>'^S*f *©^'fb5::^-r 0„ 

[011] mm^M^<omm^it^^ummt. 
[012] mn^^ifi o-ctt^. ^m^<Dm^mmw(om, 

[013] 1 {cisW .S^feiBiijdH^tctel^ S C 

N R © f h S«c#tt ?r7K-r 0 . 
[014] :*:*Sg<?!l 4 ©ifelBliieift fcfc t-t -5 C N R © 

[^f-^©g^H^] 
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